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Due to the presence of large number of process variables and complex stochastic process
mechanisms in WEDM, selection of optimum machining parameters combinations for obtaining
better Surface Roughness (Ra) is a challenging task. In this paper, the effects of various process
parameters of WEDM like peak current (IP), pulse on time (TON), wire feed (WF), pulse off time
(TOFF) and wire tension (WT) have been investigated to reveal their impact on Ra of EN-8
steelworkpiece and copper wire as tool using Taguchi's L-27(3*5) Orthogonal Array (OA) designs.
The optimal set of process parameters has also been predicted to minimizethe Ra.It is found
that the decrease the Pulse on Time and Peak current will decrease the Ra significantly.Pulse
on Time, Peak current, Wire Feed are the significant factors, whereas the other factors are not
significant.
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INTRODUCTION
Revolution on material science has en-
couraged to develop the advanced materials
like super alloys, ceramics, composites
materials etc. To machine these hard metals
and alloys is difficult by conventional
machining, requiring high precision and
surface quality which means increased
demand of time and energy and therefore
increases in costs. With ever increasing
demand for manufactured goods of hard
alloys and metals, more interest has
gravitated to non-conventional machining
methods. Non-conventional Machining is a
green environment process and not involved
the high force and tool wear. Electrical
1 Department of Mechanical Engineering, RIEIT, Railmajra - Punjab-India.
Discharge Machining (EDM) is one such
process developed in the late 1940s (Pandey
P C and Shan H S, 1980; and HoK H and
Newman S T, 2003) which is widely used to
machine electrically conductive materials.
Wire electrical discharge machining
(WEDM) is a type of EDM which extensively
used in machining of conductive materials
when precision is of prime importance. Wire
Electrical Discharge Machining (WEDM) is a
metalworking process in which material is
removed by an electrical charged wire from
a conductive workpiece. In this process, a
very thin wire, made from brass or
molybdenum, and served as an electrode
(called tool- electrode), is slowly fed throughThis article can be downloaded from http://www.ijmerr.com/currentissue.php
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the material which is served as another
electrode (called workpiece-electrode). A gap
of 0.025-0.05 mm is maintained constantly
between the wire and work piece. Material is
then removed from the workpiece by a series
of rapidly recurring current discharges
between these two electrodes, which are
separated by a dielectric liquid and subject
to an electric voltage. Due to the electrical
pulse discharge a large amount of heat is
generated at nearby material to melt or even
evaporate. Schematic illustration of WEDM
process is shown in Figure 1.
rials can be machined without any distortion
by using WEDM due to. Because of the
above advantages, WEDM has been used
extensively in tool and die industry for mold-
making (Fallböhmer P et al., 1996). However,
WEDM process is also regarded as a very
slow material removal process, which limits
its further applications greatly.
Tosun N et al., (2004), investigated on the
effect and optimization of machining
parameters on the kerf (cutting width) and
material removal rate (MRR) in wire electrical
discharge machining (WEDM) operations by
using Taguchi experimental design method.
They suggested that Discharge current,
discharge capacitance, pulse duration, pulse
frequency, wire speed, wire tension, average
working voltage and dielectric flushing
conditions are the machining parameters
which affect the performance measures.
Mahapatra S S and Patnaik A (2007),
studied the relationships between various
control factors and responses like MRR, SF
and kerf by means of nonlinear regression
analysis. The study concluded that the
WEDM process parameters can be adjusted
to achieve better metal removal rate, surface
finish and cutting width simultaneously.
Gatto A and Luliano L (1997) used a
factorial design method to determine the
optimal combination of control parameters in
WEDM, the measures of machining
performance being the metal removal rate
and the surface finish. Based on the ANOVA,
it was found that the discharge current, pulse
duration, and pulse frequency are significant
control factors for both the metal removal rate
and surface roughness.
The most important research work in
WEDM are related to metal removal rate,
surface finish, and cutting width (kerf). They
depend on machining parameters like
Figure 1: Schematic Drawing
of WEDM
At present, WEDM is a widespread
technique used in industry for high-precision
machining of all types of conductive materials
such as metals, metallic alloys, graphite, or
even some ceramic materials, of any
hardness (Ho K H, Newman et al., 2004;
Gatto A and Luliano L, 1997; Puertas I and
Luis C J, 2003).
The WEDM has following advantages (i)
Machining of complex shapes which is
otherwise too difficult to be produced with
conventional cutting tools (ii) Machining of
extremely hard material with high precision
(iii) Machining of very small workpieces where
conventional cutting tools may damage the
part from excess cutting force (iv) There is
no direct contact between tool and workpiece.
Therefore, desire sections and weak mate-This article can be downloaded from http://www.ijmerr.com/currentissue.php
437
Int. J. Mech. Eng. & Rob. Res. 2014 Nimo Singh Khundrakpam et al., 2014
discharge current, pulse duration, pulse
frequency, pulse off time, wire speed, wire
tension and dielectric flow rate.
Machine setting varies from one materials
to another. So, certain process parameters
need to be clearly well-defined for each of
materials. The main purpose of this paper is
to investigate the effects of various process
parameters of wire Electric Discharge
Machining (WEDM) like peak current (IP),
pulse on time (TON), pulse off time (TOFF),) wire
tension (WT) and Wire Feed on MRR and
Ra of EN-8 steel. In present work goal is
minimization of Ra.
EXPERIMENT SETUP
The experiment is performed at Electronica
Sprincut Wire-cut EDM. Experiment have
been conducted by choosing EN-8 steel
(0.40%C, 0.25%Si, 0.80%Mn, 0.015%S,
0.015%P) material as workpiece. The size
of work piece 25 mm × 100 mm × 20 mm is
chosen for the experiment. . Copper wire with
0.25 mm diameter (900 N/mm2 tensile
strength) was used in the experiments.
During the experiments 5 mm × 5 mm square
was cut to obtain a rectangular block of 5
mm × 5 mm × 200 mm.
The experimental work which consisted
about formation of the Taguchi’s L-27 (3*5)
orthogonal array design. Design of experi-
ment by orthogonal array reduced the total
no of experiment, in this experiment total 27
run were carried out to determine the effective
operating parameters on WEDM. Levels for
various control factors were tabulated in Table
1 through review of literature, experience and
pilot study.
To evaluate the effects of machining
parameters on performance characteristic
(Ra), and to identify the performance charac-
teristic under the optimal machining
parameters, Taguchi’s L-27 orthogonal array
design is chosen.
The experimental observations are further
transformed into a signal-to-noise (S/N) ratio.
There are several S/N ratios available
depending on the type of characteristics. The
characteristic that higher value represents
better machining performance, such as MRR,
is called ‘larger is better’. Inversely, the
characteristic that lower Value represents
better machining performance, such as tool
wear rate and surface roughness, are called
‘lower is better’. Therefore, S/N ratio function
for objective of larger is better and lower is
better is defined in equation 1.
S/N (smaller is Better) = –10 log[1/n ...(1)
Where S/N denotes the Signal and Noise
ratios calculated from observed values, Yi
represents the experimentally observed value
of theith experiment and n=1 is the repeated
number of each experiment.
Σ
n
1=1Y1
2]
Table 1:Levels For Various Control Factors 
Level Values 
Factor Name  Symbol  Units 
Nos. of 
Levels  1 2 3 
A Peak  Current  IP  A  3  170  190  210 
B Pulse  On  Time  TON  µs 3  122  124  126 
C Wire  Feed  WF  m/min  3  4  6  8 
D Pulse  Off  Time  TOFF µs  3  48  50  52 
E Wire  Tension  WT  gms  3  660  780  900 This article can be downloaded from http://www.ijmerr.com/currentissue.php
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OBSERVATION
The response observation table for Ra is
shown in Table 2 along with the control fac-
tors. Mitutoyo SJ-201 surface roughness
machine having a cut-off length of 0.25 mm
is used to measure the surface roughness
(Ra).
RESULTS AND ANALYSIS
The analysis was made using the popular
software MINITAB 16. During the process of
WEDM, the influence of various machining
parameter peak current (IP), pulse on time
(TON), wire feed (WF), pulse off time (TOFF)
and wire tension (WT) on Ra has been shown
Figure 2. The S/N ratio analysis suggests the
same levels of the parameters (A1B1C3D3E3)
as the best levels for minimizing Ra.
Table 2: Response Table 
A B  C  D  E  Ra(µm) 
170 122 4 48 660  3.85 
170 122 6 50 780  3.81 
170 122 8 52 900  3.76 
170 124 4 50 780  3.95 
170 124 6 52 900  3.91 
170 124 8 48 660  3.85 
170 126 4 52 900  3.97 
170 126 6 48 660  3.96 
170 126 8 50 780  3.93 
190 122 4 50 900  3.83 
190 122 6 52 660  3.81 
190 122 8 48 780  3.83 
190 124 4 52 660  4.00 
190 124 6 48 780  3.99 
190 124 8 50 900  3.96 
190 126 4 48 780  3.98 
190 126 6 50 900  3.95 
190 126 8 52 660  3.98 
210 122 4 52 780  3.88 
210 122 6 48 900  3.91 
210 122 8 50 660  3.88 
210 124 4 48 900  3.94 
210 124 6 50 660  3.96 
210 124 8 52 780  3.96 
210 126 4 50 660  3.98 
210 126 6 52 780  3.97 
210 126 8 48 900  4.00 
Figure 2: Main Effect Plot for SN Ratios for Ra
Average S/N ratio for every level of ex-
periment for Ra is calculated by Taguchi
method for the recorded value as shown in
Table 3. The factor A (peak current) and fac-
tor B (Pulse On time) are two factors that
have highest different values are 0.12 and
0.29 respectively. So, it can be concluded that
decrease the Pulse on Time and Peak cur-
rent will decrease the Ra significantly.
Table 4 show the ANOVA Table for Ra. It
is found that factor A, B, C, A*B and A*C are
treated as the significance factors whereas
factor D, E and other interactions are not sig-
nificant factors for Ra. Their contribution are
12.4%, 75.8%, 2.9%, 4.0% and 3.4% respec-
tively, whereas the contribution of the other
factors are very low for minimization of Ra.
The significant factors for Ra are Pulse on
Time (P=0.003), Peak current (P=0.000),
Wire Feed (P=0.040) and Interaction of bothThis article can be downloaded from http://www.ijmerr.com/currentissue.php
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Table 3: Response Table for Signal to Noise Ratios Smaller Is Better 
Level A  B  C  D  E 
1  -11.79 -11.69 -11.89 -11.87 -11.86 
2  -11.88 -11.92 -11.86 -11.86 -11.87 
3  -11.92 -11.98 -11.83 -11.86 -11.85 
Delta  0.12 0.29 0.06 0.01 0.02 
Rank  2 1 3 5 4 
Table 4: ANOVA Tablefor Ra 
Source  DF  Seq SS  Adj SS  Adj MS  F  P  % of Contri. 
A 2  0.071  0.071  0.035  34.28  0.003 12.4% 
B 2  0.433  0.433  0.216  209.97  0.000 75.8% 
C 2  0.017  0.017  0.008  8.05  0.040 2.9% 
D 2  0.001  0.001  0.000 0.44  0.672  0.2% 
E 2  0.002  0.002  0.001  0.75  0.529  0.3% 
A*B 4  0.046  0.046  0.012  11.21  0.019 4.0% 
A*C 4  0.038  0.038  0.010  9.34  0.026 3.4% 
B*C 4  0.008  0.008  0.002 1.83  0.287  0.7% 
Residual Error  4  0.004  0.004  0.001        0.4% 
Total 26  0.618           
Pulse on Time*Peak current (P=0.019)
&Peak current*Wire Feed (P=0.026) i.e. all
P-values less than 0.05.
Interaction Plot for SN ratios is shown in
Figure 3. It is found that interaction A*B and
A*C have significant Interaction values.
Figure 3: Interaction Plot for SN Ratios for Ra Figure 4: Surface Plot of Ra vs Peak
Current & Pulse on Time
Table 5: Confirmation Test Table 
Response  Level  Prediction  Experimental  Pred. Error (%) 
Ra (µm) A1B1C3D3E3 3.75201  3.56  5.39% This article can be downloaded from http://www.ijmerr.com/currentissue.php
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The Surface Plot of Ra vs Peak Current &
Pulse On Time and Peak Current & Wire feed
for significant & higher interaction is shown
in Figure 4 & 5 respectively.
The final response equation for Ra is given
as bellows:
Ra  =  -7.74963 + 0.0408182 Peak Cur-
rent + 0.0984929 Pulse On Time - 0.119413
Wire Feed - 0.00148062 Pulse Off Time -
1.95493e-005 Wire Tension - 0.000346788
Peak Current*Pulse On Time + 0.000592891
Peak Current*Wire Feed
A. Confirmation Test
To check the validity of the developed mod-
els, confirmation test has conducted and re-
sults of the predicted and experimental value
comparison for Ra and Ra is shown in Table
5. The prediction error is calculated by be-
low equation 2.
It is observed that calculated prediction
error lies below 5.39% which is small and tol-
erable. So experiment have good reproduc-
ibility.
CONCLUSION
The following conclusions are found from the
experiment using Taguchi’s L27 OA.
Figure 5: Surface Plot of Ra vs Peak
Current & Wire Feed
I) The significant factors for Ra are Pulse
on Time, Peak current, Wire Feed and
Interaction of Pulse on Time and Peak
current & Peak current and Wire Feed.
II) The parameters Pulse off Time and wire
tension (WT) have no effect on Ra.
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